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TWENTY-FIFTH ANNIVERSARY OF 
THE BUREAU OF STANDARDS 


The Bureau of Standards celebrated 25 
years of service to the public, the indus- 
tries, and the Government on December 
4. The observance of this event was pe- 
culiarly fitting. On that day the staff 
kept “open house” and received all those 
who cared to take advantage of this op- 
portunity of becoming acquainted with 
the bureau and its work. Probably 1,500 
people visited the laboratories. Among 
these were a large number who had never 
visited the bureau before, as well as many 
old friends and former members of the 
staff. A luncheon was served in the In- 
dustrial Building and throughout the day 
every effort was made to explain to the 
visitors the varied researches in progress 
in the laboratories. 

in the evening a dinner was given by 
the staff at the New Willard Hotel. 
About 450 members and guests were 
present. Doctor Burgess, the Director, 
acted as toastmaster, and the speakers 
were Secretary Hoover; Dr. Frank A. 
Wolff, a charter member of the bureau, 
having commenced his work at the old 
Office of Standard Weights and Meas- 
ures of the Coast Survey in 1807; David 
Lawrence, president of the United States 
Daily; Senator Robert B. Howell; Hon. 
George B. Cortelyou, former Secretary 
of Commerce and Labor; Congressman 
William B. Oliver; and Dr. Samuel W. 


Stratton, the first, and for 22 years, Di-. 


rector of the Bureau of Standards. 
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RADIOMETRIC MEASUREMENTS OF 
MARS 


During this year’s apparition of the 
planet Mars, Dr. W. W. Coblentz, of the 
Bureau of Standards, continued his radi- 
ometric measurements of the planet in 
cooperation with Prof. C. O. Lampland, 
of the Lowell Observatory, at Flagstaff, 
Ariz. Through the kindness of the staff 
of this observatory the 42-inch reflector 
has been made available for radiometric 
work during the past three apparitions of 
Mars—1922, 1924, and 1926. 

The extremely valuable data secured in 
1926 illustrate strikingly the importance 
of close cooperation in making both vis- 
ual and radiometric measurements of the 
planet from the same station at the same 
time. The radiometer can not differen- 
tiate between the true surface of the 
planet if it is white (covered with snow) 
and clouds which may obscureit. Clouds. 
over portions of the surface of Mars are 
much more prevalent at certain seasons 
of the Martian year than at others, and 
were particularly in evidence when Mars 
was closest to the earth this year. Ow- 
ing to the extensive visual observations. 
made by Prof. E. C. Slipher with the 
24-inch refractor at the same time that 
Coblentz and Lampland were conduct- 
ing their radiometric measurements, what 
might have been interpreted as incon- 
sistencies in the radiometric measure- 
ments are shown to be exactly what 
would be expected. Briefly, the results 
obtained are as follows: 


1 
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As a general rule, the forenoon side of 
the planet was observed to be cooler 
than the afternoon side. However, there 
were exceptions, such as, for example, 
when the dark area (Syrtis Major) ro- 
tated into view after an hour’s exposure 
to the sun, under which conditions the 
east limb was hotter than the west ter- 
Also at 


cloud overhanging 


sunset, with a white 
the disappearing Syr- 
tis, under evening sun, the temperature 
of the west limb was as low as the east 
limb. An hour later with an unusually 
bright east limb (clouds) the morning 
temperature was apparently abnormally 


minator. 


low. 

In using extremely small receivers 
near the limb uncertainties arise in the 
interpretation of the data owing to the 
brilliant “limb-light” of the Martian 
atmosphere which probably emits little 
if any radiation. Consequently the cal- 
culated temperatures for the edge of the 
planet are probably too low, and refer to 
an effective radiating layer above the 
true surface. 

The observed temperature differences 
between the center of the disk and the 
limb and terminator (also the poles) do 
not seem to be so great as observed in 
1924; though this may be owing to dif- 
ferences in season which was about a 
month after Martian summer solstice in- 
stead of a month before, as obtained in 
1924. 

Measurements on adjacent regions in 
the same latitude, and outwardly of the 
same general brightness showed warm 
and cold areas, the latter probably 
caused by clouds which intercepted the 
surface radiation. 

Pending a further study of atmospheric 
transmission coefficients, and keeping in 
mind that, owing to cloudy conditions 
over the Martian surface, the tempera- 
ture values along the edge, especially 
along the east and west limbs of the 
planet are too low, the following ten- 
tative estimates of planetary surface 
temperatures are given: As viewed on 
the central meridian, the south polar 
region 10 to —10° C.; south temperature 
zone 20 to 25° C. (clouds —10° C.); 
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center of disk 20 to 30° C.; north tem- 
perature o to 20° C.; north polar region 
—25 to —40° C.; east limb (after being 
irradiated for an hour) —20° C., clouded 
—35° C., no phase;—25° C.; west limb 
(terminator) o° C., clouded —3o0° C., 
no phase —r10° C. 

In conclusion, it is relevant to add 
that no doubt the time will come when 
a useful application can be made of 
these data regarding clouds and the tem- 
perature differences of bright and dark 
areas in arriving at some reliable esti- 
mate of the night temperature on Mars. 
From a comparison of the measure- 
ments on the mid-points and the east 
and west limbs of Mars on October 28, 
it appears that the clouds on the west 
limb were thicker or denser than on the 
east limb. 


VISCOSITY OF GLASS 


Since publishing in TECHNICAL 
NEWS BULLETIN No. 110 a statement 
on the ‘ 
work has led to a reconsideration of the 
friction in the driving mechanism of the 
viscometer because it was thought the 
mechanical friction in the system was 
too large a part of the weight used to 
produce rotation. 

The method of determining viscosity 
consists of measuring the force required 
to produce rotation of a cylinder par- 
tially immersed in molten glass at defi- 
nite temperatures. Rotation was pro- 
duced by means of falling weights sus- 
pended over four pulleys by a string 
wound around a drum. The drum is 
fixed to the shaft carrying the cylinder. 

The friction corrections originally re- 
quired varied from 38 per cent with a 
5-gram load to 9 per cent with a 100- 
gram load. Since the friction correction 
for small weights was such a large pro- 
portion of the weights used, the diame- 
ter of the drum was reduced from the 
original 6 inches to 2 inches. This 
makes it possible to use a 15-gram_ 
weight instead of a 5-gram weight as the 
smallest load. The change in the diame- 
ter of the drum also made it possible to 
eliminate two pulleys which were previ- 


‘viscosity of glass,” the bureau’s 
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ously necessary to give the required 
“head room.” : 

The friction correction for the modi- 
fied driving mechanism now amounts to 
Io per cent instead of 38 per cent for the 
smallest weight to be used and 3 per 
cent instead of g per cent for the r1oo- 
gram weights. These changes will prob- 
ably increase the accuracy of the results 
obtained although the increased accuracy 
may not be as great as the reduction in 
total friction. 


A FUNDAMENTAL STUDY OF GLAZE 
FIT 


An investigation is being conducted 
at the Columbus branch of the bureau 
on the relations of modulus of elasticity, 
thermal expansion, and tensile strength 
of white-ware bodies and glazes. It is 
hoped to be able eventually to evaluate 
the oxides in their effect on these prop- 
erties. The work up to this time has 
been confined to the determination of 
modulus of elasticity of glazes. 

Simple glazes were used in the be- 
ginning, many with only three com- 
ponents. The glazes were melted in a 
crucible, allowed to fine and were drawn 
into rods varying from 1 to 3 mm. in 
Those rods free from bubbles 
were carefully annealed and loaded as 
The deflec- 
tion was determined by means of a 
cathetometer microscope and the mod- 
ulus of elasticity determined. About 35 
glazes of various compositions have been 


diameter. 


beams between knife-edges. 


tested. The values obtained range from 
4,500 to 9,700 kg. per mm.” Lead oxide 
and silica seem to reduce the elastic 
constant or increase the elasticity, while 
magnesium calcium and aluminum oxide 
increase this constant or decrease the 
It has been found unsafe to 
base conclusions on the batch formulas, 
as volatilization of the alkalies, lead and 
boron, and erosion of the crucible pro- 
duces 
analyses will be necessary before quan- 


elasticity. 


a change in composition and 
titative results are available. 

Attempts have been made to remove 
the glaze from white-ware bodies by the 
use of a diamond saw. .A very thick 


glaze is required for this purpose in 
order to obtain a sheet of sufficient thick- 
ness to use in the tests. The thick 
glazes so far examined contained strias 
which made them unfitted for the work. 
These strias were produced by the less 
viscous portion of the glazes filling the 
drying cracks that were formed in the 
glaze as the water was driven off in the 
initial firing stages of the piece of ware. 


Work along these lines is being con- 


tinued. 


PHYSICAL PROPERTIES OF PORCE- 
LAIN 


The bureau is undertaking a study of 
the fundamental properties of porcelain 
as affected by various raw materials 
used and various rates of heating and 
cooling. In the burning of porcelain 
certain reactions take place between the 
clay, feldspar, and quartz, the principal 
raw materials used, but they rarely if 
ever reach equilibrium at the end of a 
burn. 
changes taking place in the body while 
it is under fire and these changes will 


There are physical and chemical 


proceed, depending upon the length of 
It is 
safe to assume that the extent to which 
these reactions have taken place, and the 
resultant properties of the body, wiil 
have a material effect on the quality of 


fire and the temperature of fire. 


the ware both as to appearance and 
serviceability. . 

Typical vitreous or porcelain bodies 
have been fired to what is called in plant 
practice 
ent lengths of time. 


‘ 


‘cone 12” and in three differ- 
The time taken to 
reach the temperature and the average 
coefficients of expansion of specimens 
burned are given in the following table: 


Effect of various firing times and 
temperatures 


Average coefficient of expansion 


Firing 
time in Room Room 
hours | tempera- | tempera- 560- 580- 
ture to | tureto | 580°C. | 680° C 
680° C. 566° C. 
Tonto ces 7.0X10-6| 7.31078} 16.0X10-5| 4.0X10-% 
BOs A Bee 6. 010-8! 6. 510-8 | 7. 010-8| 3.210-8 
C1 ha ei ater 5.31076| 5.4 10-8| 5.0X10-%| 4610-8 
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Fairly definite relationships are shown 
by these data. One is that the average 
coefhicient from room temperature to 
680° C. decreases regularly as the time 
of burn increases. This is due in part 
to the marked decrease in the rapid rate 
of expansion evidenced by the material 
between 560 and 580° C., 
caused by the transformation of a to p 
quartz. The data clearly indicate that: 

1. Relatively large quantities of quartz 
16-hour 


which is 


remain undissolved after the 
firing. 

2. The 30-hour firing has materially 
reduced the free-quartz content. 

3. The 4o-hour firing has practically 
eliminated the free-quartz content, since 
the rate of expansion is practically the 
same from 560 to 580° C. as it is from 
room temperature to 680° C. 

4. That firing to a certain “cone” is 
not a proper measure of the reactions 
which have taken place in the body 
since all of these specimens were burned 
to “cone 12,” but, as previously stated, 


in varying lengths of time. 
FLOTATION OF ENAMELS 


This investigation has been conducted 
for the purpose of studying the factors 
affecting the 
slips, in order to control their working 
properties. To make the results ap- 
plicable to plant needs, a_ simplified 
means of determining and expressing 
consistency in relative terms has been 
devised and given service tests. 

Since the report of this work appear- 
ing in the TECHNICAL NEWS BUL- 
LETIN No. 113, September, 1926, an- 
other set of data obtained in a factory 
has been analysed. The more complete 
data now at hand indicate the existence 
of the following relationships: 

(a) Relative yield values, obtained 
with the simplified factory method, fall 
approximately on a straight line when 
plotted against the regularly calculated 
yield values. 

(b) Relative mobilities, obtained with 
the simplified factory method, fall ap- 


consistency of enamel 


proximately on a straight line when 
plotted against the regularly calculated 
mobilities. 

(c) Mobility is approximately a 
straight-line function of water content, 
within practical limits, and can, there- 
fore, be completely controlled. 

(d) The time required for enamel slips 
to drain completely on a piece of given 
dimensions is roughly a parabolic func- 
tion of mobility; that is, as mobility ap- 
proaches zero, the draining period in- 
creases indefinitely, and as mobility in- 
creases, the draining period approaches 
zero as a limit. 


COMPOSITION OF CHEMICAL LIMES 


At the request of the Interdepartmen- 
tal Conference on Chemical Limes com- 
plete analyses of 37 chemical limes, 19 
hydrates, and 18 quicklimes have been 
undertaken. The purpose of these analy- 
ses is to obtain data to be used in the 
preparation of quality specifications for 
lime for various chemical uses. 

The samples employed are representa- 
tive of chemical limes and were manu- 
factured in 13 widely separated States. 

To date about one-half of the analy- 
ses are completed and from the results it 
is of interest to note the high purity of 
these limes that have undergone no espe- 
cial treatment in manufacture, with the 
exception—if it may be classed as such— 
of the careful selection of crude rock 
and control in burning. The analyses 
include the determination of the follow- 
ing constituents: SiOz, FeO:, Al.Os, 
CaO, MgO, P20, Mn;0,, As2Os, SO;, 
CO, loss on ignition, matter insoluble in 
1:9 HCL, and “available lime” by the 
modified Scaife method. Wherever prac- 
tical the methods of the American Soci- 
ety for Testing Materials are used, oth- 
erwise the procedure employed is that 
developed by the chemical laboratory of 
the bureau. 

The variation in composition of the 
samples thus far analyzed is indicated 
by the following tabulation: 
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Maximum | Minimum 
Per cent Per cent 

Silica (SiO3) Mo 22. 2. 2. 80 0. 11 
Tron (Fe2Qa)......--.----- .19 . 022 
Alumina (Al203.)___-___- .97 . 088 

binme(GaQ) 2) se 2s 74, 26 49. 58 

Magnesia (MgO)________- 32. 05 . 20 

Sulphur trioxide (SO3)____ 1. 00 . 04 

Carbon dioxide (COz2)__- 1. 96 ay! 

Loss on ignition. ___.__.-- 25. 76 18. 40 
Phosphorus pentoxide (P205): As high 


as 0.10 per cent, but generally only traces. 

Mangano-manganic oxide (Mns30,): Only 
traces with the exception of one sample 
which was 0.03 per cent. 

Arsenic trioxide (As.03): Two to 10 mi- 
cromilligrams per 1 gm. sample in 2 or 3 
samples. In the rest, AseOs was not detect- 
able. (Gutzheit test used.) 

The averages of the analyses approach 
the minimum values shown above with 
the exception of lime (CaO), which ap- 
proaches the maximum value. Two 
samples labeled “High MgO” and 
“High MgO(OH),.” gave high results 
for the magnesia (MgO) value. The 
carbon dioxide (CO.) content must not 
be taken too seriously, as it is probable 
that an appreciable amount of this con- 
stituent was absorbed by the limes inci- 
dental to the exposure necessary in the 


preparation of the samples. 


INTENSITY AND DURATION OF 
BUILDING FIRES 


During the last part of October one 
burning-out test in the larger structure 
fitted with wood office furniture and a 
wood top floor was conducted and also 
several similar tests with metal office 
furniture in the smaller structure. The 
general object and outline of the tests 
that are being made to obtain informa- 
tion on the intensity and duration of 
fires in buildings are given in TECH- 
NICAL NEWS BULLETIN No. 114, 
October, 1926, wherein is also given an 
account of a test with record room occu- 
pancy in the larger building. 

Office Occupancy with Wood Furni- 
ture.—In the present test with office oc- 
cupancy the weight of wood furniture, 
consisting mainly of old desks, tables, 
filing cabinets, and bookcases, was 13,650 
pounds, giving a weight of 7.58 lbs./ft., 
the test house being 30 by 60 feet in in- 
side lateral dimensions. The weight of 


the paper contents of the files and other 
furniture was 14,100 pounds (7.84 
lbs./ft.”) which, together with that of 
the furniture and the wood floor and 
sleepers, gave a total combustible weight 
of 18.7 lbs./ft.2, of floor area. This was 
higher by about 30 per cent than that 
present in previous tests with office occu- 
pancy in the smaller structure and can 
be taken as near the upper limit for the 
although 
weights in record storage rooms may go 
higher. The fire was started in the fur- 
niture at several points near one end as 
might occur where fire is communicated 
from an adjacent burning building. On 
account of the large room size it was 


regular occupancy as_ such, 


-not practicable to obtain the exposure 


start used in some tests in the smaller 
structure, by burning readily combustible 
materials in a large grate in one corner, 
which, when its inclosure’ was drawn 
back, quickly built up temperatures 
within the smaller room high enough to 
cause ignition of combustibles over a 
large portion of the room. In the pres- 
ent test the temperature needed to cause 
rapid spread of the fire had to be built 
up from the fire in the furniture, which 
required about one hour, during which 
time the fire was confined to the furni- 
ture within 15 feet from the end where 
the fire was started. The average tem- 
perature in this end was near 425° C. 
(797° F.) at one hour after the fire was 
started, although temperatures as high as 
750° C. (1,382° F.) obtained near burn- 
The average 
temperature in the opposite end of the 
60-foot room was at this time 215° C. 
(419° F.). From this time on the fire 
spread rapidly, reaching the opposite end 
of the room within 30 minutes. The 
temperatures in given sections of the 
room reached their maximums within 
one hour after general ignition of con- 
tents occurred in the given section. 
These maximum temperatures were gen- 
erally higher than in previous tests with 
office occupancy, all thermocouples reg- 
istering at some time temperatures over 
900° C. (1,652° F.) and over one-half of 
the number, temperatures over 1,000° C. 


ing pieces of furniture. 
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(1,832° F.). Eighteen of the one hun- 
dred and seven thermocouples indicating 
room air temperatures rose to maxd- 
mums above 1,100° C. (2,012° F.), the 
maximum reading for any point during 
the test being 1,142° C. (2,088° F.). 
After the maximum intensity was 
passed the room temperatures fell slowly, 
between two and three hours being re- 
quired before they were below values 
that might impair the strength of struc- 
tural members. This rate of cooling is 
less rapid than those obtaining in test 
furnaces after the fire is shut off, and 
pending further study of the temperature 
data no definite statement can be made 
as to the equivalent in hours of test 
furnace exposure of the fire conditions: 
During this test 
the window shutters were opened by an 


created in this test. 


amount deemed sufficient to give the 
maximum fire intensity when the fire 
was at its height and left at such open- 
ings while the interior cooled down. 
Office Occupancy with Metal Furni- 
ture.—These tests in the 
smaller structure having 15 by 29 feet 
floor area. 


were made 


The metal furniture con- 
sisted of 2 desks, 3 tables, 3 open shelv- 
ing units, 1 stationery cabinet, 1 light 
walled filing safe, and 17 filing cabinets 
51 to 59 inches high, which, with chairs 
and minor equipment, gave a weight of 
13.3 lbs./ft.” as assumed uniformly dis- 
tributed. The furniture was supplied 
through the National Association of 
Steel Furniture Manufacturers. For the 
tests with cement finish floor the weight 
of paper contents placed in and on top 
of the furniture was 3,900 pounds, or 
8.83 lbs./ft.” of floor area. Two open 
shelving units, one 6 feet wide and 8 
feet high and another 5 feet wide and 
3 feet high, the latter placed on a table, 
were located near the origin of the fire 
in all tests. A considerable amount of 
exposed paper was placed on top of 
desks and tables, three file and desk 
drawers were left open, also one door of 
the stationery cabinet. The total 
amount of records present was greater 
by about 25 per cent than the average 
obtaining in four previous tests with 
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About 55 per cent of 
the records were not contained within 


wood furniture. 


closed drawers or cabinets. 

In the first test with slow start, the 
fire, started in a large metal waste paper 
basket placed between the open shelving 
units, failed to ignite the exposed papers. 
In the second trial the papers on por- 
tions of the two open shelves and on one 
table immediately adjacent to the fire 
origin were ignited but the fire did not 
spread, and at one and one-fourth hours 
only faint flames and glowing of ex- 
The high- 
est room temperature reading was 104° 
C. (219° F.), which was at 35 minutes 
after start of fire, immediately above the 


posed papers were apparent. 


The average indicated 
temperature in this end of the room was 
at this time 54° C. (129° F.). Only r50 
pounds of exposed records were burnt 
or charred in whole or part. 

The affected paper was replaced with 
unexposed stock and the exposure grate | 
located in one corner of the room filled 
with 424 pounds of pine kindling sat- 
urated with 1 gallon of kerosene. The 
grate is 3 feet 2 inches in diameter and 
6 feet 7 inches high, the sheet metal 
shield around it being withdrawn when 
the kindling is fully ablaze. In the pre- 
vious exposure starts with wood furni- 
ture, less material (240 to 250 pounds) 
was placed in the grate, as the furniture 
burning near it contributed sufficiently 
to the fire to cause spread with the 
smaller amount of fuel. In the present 
test a high enough temperature was built 
up to cause ignition of exposed papers 
for a 20-foot distance along the center 
of the room and for 10 to 15 feet along 
the side walls. The temperature maxi- 
mums at different points in the room 
occurred between 5 and 15 minutes after 
the blast of flame and hot gases was lib- 
erated, most of the heat developed being 
from the fuel in the grate. At the end 
of this period the room temperatures 
were generally below points causing igni- 
tion of combustible materials. During 
the initial period the temperature maxi- 
mums in the end of the room where the 
fire started ranged from 146 to 808° C. 


burning paper. 
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(295 to 1,486° F.) and in the opposite 
end from 55 to 542° C. (131 to 1,008° 
F.). One-half hour after the exposure 
start the average room temperature was 
below 150° C. (302° F.) and the maxi- 
mum indicated for any point was 226° 
C. (439° F.) which latter was imme- 
diately above the grate. At one hour 
the average was below 100° C. (212° F.) 
and the maximum 194° C. (381° F.). 
The exposed papers and linoleum desk 
and table tops within 10 feet from the 
grate along the sides of the room and 
within 16 feet from the grate in the cen- 
tral portion of the room were consumed. 
Where not affected by burning of ex- 
posed papers and linoleum immediately 
on. top, contents of closed file and desk 
drawers, where more than 5 feet from 
the grate, exhibited practically full legi- 
bility. For the room as a whole between 
2 and 3 per cent. of the records within 
closed containers were made illegible in 
tlhe ordinary sense. Some of the charred 
papers classed as illegible could be read 
if carefully handled. ) 

All affected paper was replaced, as 
also the burnt top coverings of tables 
and desks, and a three-fourths-inch pine 
top floor on 2 by 3 inch sleepers in dry 
cinder fill placed over the concrete floor. 
Furniture and contents were arranged as 
for previous tests, except that the 
amount of exposed paper was decreased 
by 400 pounds which, with other minor 
changes, gave a record content of 3,420 
pounds and with the wood flooring a 
total combustible content of 11.9 lbs./ft.” 
of floor area. In the first test with the 
wood floor the fire was given a slow 
start in a pile of waste paper at the same 
point from which fire was started in 
previous tests. Fire was communicated 
to the papers on the adjacent large open 
shelving units and to the papers on top 
of the table supporting one of them. 
The progress of the flames was not 
rapid, over one hour being required for 
the fire to spread to all parts of the 
large open shelf. The fire in the wood 
floor also spread slowly, about 30 per 
cent of the floor being consumed eight 
hours after the fire was started. The fire 


in the floor was stopped at this stage. 
No. decided rise in room temperatures 
occurred, the maximum reading at the 
different points ranging from 50 to 230° 
C. (122 to 446° F.), the temperatures for 
only two locations being at any time 
barely high enough to ignite combustible 
materials. The papers in drawers and 
on top of a desk and a table, beneath 
which the wood floor was burnt out, did 
not ignite, nor did the contents of waste- 
paper baskets ignite, the bottoms of 
which were supported above the burning 
floor on metal legs from 1%, to 21% 
inches high, although the papers near 
the bottom were decidedly charred. The 
filing cabinets within the burnt area had 
sheet metal bases extending to the floor 
and their contents 
ignited, from 40. to 60 per cent of the 
contents of four-drawer cabinets being 
made illegible by the floor fire. The 
contents of one corner cabinet, under 
which one-half of the floor and one- 
half of the adjacent baseboard burnt 
cut, were not ignited. 

The burnt portion of the floor and 
affected records were again replaced and 
the grate charged with 350 pounds of 
pine kindling which, saturated with kero- 
sene, was ignited and the grate shield 
operated to give an exposure start for 
the fire. About the same extent of ini- 
tial spread took place as in the exposure 
start with the cement finished floor. The 
fire in the wood floor progressed more 
rapidly than with the slow start for the 
fire, being about 20 inches from the op- 
posite end of the room at four hours, 
when the fire was put out. The average 
maximum room temperatures attained 
were higher than in previous tests, maxi- 
mums from 404 to 885° C. (759 to 1,625° 
F.) occurring during the first hour in 
the end of the building where the fire 
started. In the opposite end the tem- 
perature maximums ranged from 265 to 
570° C. (509 to 1,058° F.) at three hours 
after the start of the test. The higher 
temperatures obtained only for a short 
time adjacent to the grate and after 15 
minutes no temperatures over 570° C. 
(1,058° F.) were recorded, and readings 


were generally 
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at only three points indicated tempera- 
tures over 450° C. (842° F.). The expo- 
sure generally was not sufficiently severe 
in intensity and duration to impair the 
strength of structural members having 
the minimum of protection incident with 
fire-resistive construction. Room tem- 
peratures above the ignition points of 
combustible materials were, however, 
maintained by the burning of flooring 
and exposed records, for over three 
hours. The contents of all tables, desks, 
and open shelves as well as all exposed 
papers were consumed or charred be- 
yond legibility. The contents of two. 
filing cabinets in the end near the grate 
were almost completely charred and ren- 
dered illegible. In the case of other 
cabinets, including the filing safe, under 
which the floor had burnt out the legi- 
bility of contents ranged from 15 to 80 
per cent, and where the floor under the 
cabinet was partly or fully intact the 
legibility ranged from 75 to Ioo per cent. 
Water was applied between four and five 
hours hence the data do not give in- 
formation on the amount of damage to 
records if the fire had been allowed to 
burn itself out. 

It is intended to repeat the tests with 
metal furniture with a minimum amount 
of exposed paper, the test conditions in 
the tests described being representative 
of the maximum amounts that may be 
present. It is also intended to use hard- 
wood top flooring in place of the pine 
used in the present tests as this might 
make a difference in the spread of the 
floor fire and its intensity. It is also 
intended to study in more detail the 
effect of base details of filing cabinets on 
the susceptibility of contents to ignition 
from a floor fire. 

It is apparent that the results of these 
tests apply only where the occupancy is 
housed in a fire-resistive building where 
floor, bearing walls, or columns do not 
collapse as a result of the fire. 


WORKABILITY OF CONCRETE 


In the study of the workability of con- 
crete a new method has been devised 
and a preliminary series of tests com- 


STANDARDS 


pleted. The new apparatus is con- 
structed as follows: A flexible mold 6 
‘inches high and 8 inches in diameter was 
made of a sheet of phosphor bronze one- 
sixteenth inch in thickness. The bottom 
edge of the cylinder was ground to a 
plane and placed on a section of plate 
glass. The top of the cylinder was fitted 
with four small rollers so that a 
weighted frame could be placed on them 
to hold the cylinder down on the glass 
plate. Two 2 by 4 inch oak bars were 
placed on rollers and parallel to each 
other on the outside of the cylinder. 
These bars were attached by means of a 
system of pulleys and cords to a load 
pan. A small batch of concrete is mixed 
and placed in the cylinder to the depth 
of 5 inches. A weight is placed in the 
load pan and the cylinder of concrete 
squeezed between the two bars. The re- 
duction of the diameter of the cylinder is 
taken as a measure of the workability 
of the concrete. This reduction is 
greater the more workable the concrete. 

In the field it has been observed that 
when enough water is added to a con- 
crete mix to give a one-half to 1 inch 
slump it is dry and very difficult to 
shovel. A small increase in the quantity 
of water will increase greatly the ease 
of shoveling. The curves obtained by 
tests using Potomac River sand and 
gravel graded to three-fourths inch with 
the new apparatus indicate this marked 
change. They also indicate that up to a 
certain point additional water increases 
the workability to a marked degree, but 
after this point is passed relatively large 
additions of water to the concrete have 
very little effect upon the workability 
until enough water is added to cause the 
materials to segregate. 

It is planned to continue the investi- 
gation with an improved type of appara- 
tus that is at present in the design stage. 


TESTS OF MINE STOPPINGS 


The Bureau of Standards, cooperating 
with the Geological Survey and the 
Bureau of Mines, is making tests of con- 
crete slabs, representing full-sized mine 
stoppings. The slabs are subjected to 
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piessure produced by the explosion of 
charges of black powder in a specially 
designed chamber. Both plain concrete 
slabs and slabs reinforced with steel in 
varying amounts and in various shapes 
are being tested. The slabs are 5 feet 
souare, and either 8 or 12 inches thick. 
The pressures act on a surface 4 feet 
souare. 

Although the testing is still in prog- 
ress, the results so far obtained indicate 
that the stresses developed by the ex- 
plosion are about the same as would be 
obtained with static pressures of the 
same intensity. A slab which had 1 per 
cent reinforcement failed by shearing 
along the bearing edges. at a pressure of 
about 45 lbs./in.” In this slab the steel 
bars did not extend past the supports. 
Another slab tested had the same amount 
of steel, but in this case it was carried 
past the supports. This slab failed by 
tension in the steel at a pressure of 75 
ibs. /inw 
A slab which had 1 per cent reinforce- 
ment, but which alternate bars bent up 
to take shear, failed at 47 lbs./in.” by 
blowing out at the top. The reinforce- 
ment in all these slabs was placed across 
the width upon which the pressures acted, 
leaving about 8 inches not reinforced. 
Although it ,was not intended that pres- 
sures should act on these areas, yet that 
is what happened in this last slab. It is 
rather fortunate that the slab did fail in 
this way, because it shows the impor- 
tance of carrying the steel well into the 


No shear cracks were observed. 


grooves cut in the sides, top, and bottom 
of the mine opening. A slab of the same 
type as the previous one, but with only 
half the reinforcement, failed by tension 
in the steel, at a pressure of 50 lbs./in.’ 

The tests so far made seem to warrant 
the use of slightly higher working 
stresses in the steel for the design of 
reinforced concrete mine stopings than 
are usually employed in other types of 
structures. 


SOIL CORROSION 


The work of weighing pipe specimens 
and measuring pits on them has con- 
tinued. Practically all of the cast-iron 
specimens have been weighed. Pit meas- 


urements have been completed on about 
two-thirds of the specimens. 


Brief papers describing the progress of 
the soil-corrosion work have been pre- 
pared for presentation at the February 
meeting of the American Institute of 
Mining and Metallurgical Engineers and 
the December meeting of the Midconti- 
nent Section of the American Society of 
Mechanical Engineers. The latter meet- 
ing is to include a corrosion symposium, 
and samples of protected and unprotected 
pipe have been shipped to Tulsa for ex- 
hibit at that meeting. 

Several manufacturers’ representatives 
have spent from one to two days exam- 
ining the specimens. 


PROPANE GAS BURNER 


A study of the operation of a domestic 
gas burner designed for the use of pro- 
pane has been completed. The burner 
was unsatisfactory because no conditions 
of position and adjustment could be 
found under which the burner could be 
operated at a satisfactory rate and at the 
same time completely burn the gas with 
high efficiency. Following these tests a 
study was made of the relations between 
the conditions under which a propane 
flame would blow out or flash back and 
These are 
preliminary steps in the development of 


the size of the burner port. 


a satisfactory burner for propane, which 
promises to become a product of great 
importance for the use of households 
outside the territory served by the gas 
Because of the cost of pro- 
pane a much more efficient burner is 
needed than is required for use with an 
The uniformity 


companies. 


ordinary gas supply. 
with which propane can be supplied to 
the appliance makes possible a much 
closer adjustment of the appliance. The 
slow rate of flame propagation in pro- 
pane air mixtures at once makes neces- 
sary a modification of the usual burner 
and makes possible certain improvements 
in design. The bureau plans to try, 
among other things, the injection of all 
the air required for combustion as pri- 
mary air, something that is not prac- 
ticable with the ordinary gas supply. 
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PROGRESS IN DENTAL RESEARCH 


The fifth year of the cooperative den- 
tal research between the Bureau of 
Standards and the Weinstein Research 
Laboratories will be completed next 
month. The results of this research, to 
date, have been announced in the fol- 
lowing publications: 

(a) Journal of the American Dental 
Association, May, 1925, pages 509-546. 
(b) Dental Cosmos, August, 1926, pages 
743-764. (c) Proceedings of the Seventh 
International Dental Congress (in press). 

These publications cover, in a general 
way, the physical properties of materials 
and the technical procedures used in 
orthodontia and simple casting opera- 
tions. 

The metkods employed and results ob- 
tained in the study of problems are well 
illustrated by the following discovery 
made about three months ago: Cast gold 
inlays sometimes show slight impérfec- 
tions, such as fin-like projections at the 
edges or poorly defined surfaces of sur- 
plus gold, over certain areas. Numerous 
tests indicated these to be the result of 
surplus water segregated from the in- 
vestment at the interface of wax and in- 
vestment. 
by the excessive movement of plastic in- 
When 
such a condition is anticipated it may be 
avoided by dusting a small amount of 
dry investment powder on the painted 


They were evidently caused 


vestment over the wax surface. 


wax pattern before the final investment 
pouring is completed. This will abstract 
the surplus water from the wax-invest- 
ment boundary and thus correct condi- 
tions so that a casting can be produced 
which is free from the defects caused by 
the presence of surplus water on the 
surface. The knowledge of the cause of 
these defects suggest numerous 
methods for preventing or removing 
them before the restoration is cast. 


will 


REQUIREMENTS OF CONSTANT- 
FREQUENCY STATIONS 


The bureau publishes each month in 
the Radio Service Bulletin a list of 
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broadcasting stations which maintain 
their frequencies close to the assigned 
values and by virtue of fulfilling certain 
additional conditions are of value to the 
public as standards of frequency. A 
letter circular just issued by the Bureau 
of Standards the 
necessary for broadcasting stations to 
meet in order to be included in this list. 
A copy of this Letter Circular, No. 2<4, 
Requirements of Constant Frequency 
Stations, may be obtained upon applica- 
tion to the Bureau of Standards, Wash- 
ington, D. C. 


gives requirements. 


QUALIFICATION TEST OF DRY CELLS 


Samples of dry cells have been col- 
lected from 20 different manufacturers by 
two representatives of the bureau who 
called at the several factories and 
elected samples for the test. These sam- 
ples have been received at the bureau, 
measurements of the dimensions of the 
various cells and batteries have been 
made, all the initial readings of short- 
circuit current and open-circuit voltage 
have been completed, the various tests 
have been started, and all of the con- 
tinuous tests with the exception of the 
B battery test have been completed. 
The intermittent test will continue for a 
number of months to come. The new 
testing equipment recently installed is 
now in full operation. 


MEETING OF ADVISORY COMMITTEE 
ON ACID IN LEATHER 


The second meeting of the leather in- 


dustry’s advisory committee in reference . 


to the investigation of the effects of acid 
on leather was held at the Bureau of 
Standards on November g, 1926. This 
committee, which represents the Tan- 
ners’ Council of America and the Ameri- 
can Leather Chemists’ Association, con- 
siders the proposed 
prime importance to the leather industry. 

A discussion of the magnitude of the 
problem and its ramifications led to the 
decision that the first work should be a 
study of the effects of sulphuric acid on 


investigation of 
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leathers tanned with different types of 
Accord- 
ingly, the following procedure was ac- 
cepted at this meeting. 

1. The first part of the problem will 
deal with the effects of sulphuric acid in 
leather tanned with ordinary quebracho. 

2. Hides will be furnished by the tan- 
ning industry in a limed condition after 
dehairing and fleshing. 

3. Hides will be delimed with an en- 
zyme bate until neutral to phenolpthalein. 

4. Standard leather will be tanned in 
the experimental tannery at the Bureau 
of Standards. 

5. The tannage will be carried out in 
sweet liquors of ordinary quebracho 
without the addition of acid. The time 
and concentration of tanning liquors will 
be regulated so as to produce a 55 to 60° 
of tannage in 4o days. 

6. Acid will be introduced into the wet 
feather so that samples will be obtained 
containing the following percentages: 
a7 aye t/ 3, a 4, TS fae or t/a 98/ 4p od, 
2 1/2, 3, 3 1/2, and 4. 

7. Leather will be oiled on both grain 
and flesh with sperm oil so as not to 
contain more than 3 per cent on the dry 
weight and then dried. 

8. The aging periods will be 2, 4, 6, 9, 
12, and 24 months. 

g. The leather will be cut into blocks 
in such manner that two blocks (one 
from a firm portion and one from a soft 
portion of the hide) of each acid con- 
centration will be available for each 
aging period. 

10. Deterioration of the leather will be 
determined by the change in tensile 
strength before and after aging. 

rz. The leather will be stored under 
constant conditions of 70° F. tempera- 
ture and 65 per cent relative humidity. 
Other experiments will be in progress at 
the same time under extremes of tem- 
perature and relative humidity. 


vegetable tanning materials. 


PUNCTURE-SEALING COMPOUNDS 
FOR PNEUMATIC TIRES 


In connection with tests of a punc- 
ture-sealing compound for one of the 


Government departments, the bureau 
had occasion to look into the general 
question of puncture-sealing compounds 
for pneumatic tires. Although several 
different methods are employed to make 
pneumatic tires self-sealing or, as is usu- 
ally stated, “ puncture-proof,’ a common 
way is to inject suspensions of fibrous or 
flaky materials into the inner tube. 
Many compounds of this type have been 
put on the market in the last 30 years, 
and a search of the various patents 
issued shows that the principle on which 
the majority of them operate is the 
The fibrous mixture flows around 
inside the tube and in case of a punc- 
ture, the fiber is crowded into the open- 
ing by the pressure of the air in the tube. 

The bureau is preparing a circular 


same, 


which will be issued shortly covering 
various phases of this subject. 
ticular, arguments which are advanced 
for and against the use of such materials 
as well as the usual questions which are 


In par- 


asked concerning them will be taken up 
in detail. 


THE HIGHWAY AND THE LABORA- 
TORY 


(Address by Dr. George K. Burgess before 
the Highway Research Board, Dec. 2, 
1926) 


The problems of the highway as we under- 
stand them to-day are of recent origin and 
have developed hand in hand with the motor 
vehicle. Not very long ago the finest type of 
country highway was constructed of water- 


‘bound macadam, while some of our best city 


streets were paved with a thin sheet of asphalt 
laid with little or no foundation. In those 
days the problems of the highway were sim- 
pler than they are to-day and highway engi- 
neering as a separate profession scarcely ex- 
isted.. A few years ago it was far cheaper 
and quicker to build a road than to lay a 
railway track. To-day conditions are re- 
versed. In those days roads followed the 
natural contours, and if steep grades were in- 
volved the horses simply stopped for a rest 


| at the top and used the water trough at the 


foot of the incline. Now, grades and curves 
must be reduced and if possible eliminated, 
dangerous intersections must be avoided, and 
roads banked for high-speed trafic. High- 
ways must have long life, because the de- 
touring of a large volume of traffic on a 
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main thoroughfare is a difficult and expensive 
matter. 

Naturally, I want to talk to you about 
things of interest in your profession, and I 
propose to go over very briefly some of the 
activities of the Bureau of Standards which 
tie up directly and indirectly with modern 
highway problems. These problems relate to 
the materials of highway construction, their 
testing, definition, and improvement; mark- 
ings and lighting, including methods of meas- 
urement and simplification; the characteris- 
tics of motor vehicles, including limitations as 
to performance; as well as the development of 
specifications for materials, highway acces- 
sories, motor vehicle performance, and rules 
for safety of operation and traffic control. 

All of you are interested in Portland cement 
and in Portland cement concrete, either di- 
rectly as actual producers or users or indirectly 
through competitive materials. The bureau 
tests a great deal of the cement purchased by 
the Government. For this purpose it main- 
tains three branch laboratories (Northampton, 
Pa.; Denver, Colo.; and San _ Francisco, 
Calif.) which are devoted almost entirely to 
the inspection, testing, and shipping of ce- 
ment on Government purchases in these re- 
gions. This service is augmented by the 
cement laboratory of the bureau in Washing- 
ton. In addition to this inspection service, 
these laboratories make studies of the propor- 
tioning of cement from local materials in con- 
nection with preliminary studies of Govern- 
ment construction. From this experience data 
are accumulated which are of value in pre- 
paring and revising specifications, such as 
that for Portland cement of the Federal 
Specifications Board and the American Engi- 
neering Standards Committee. At this point 
I venture to suggest the very great desirabil- 
ity and advantage of maintaining throughout 
the country a uniform standard of quality of 
this material, cement, entering so universally 
as a constituent in road construction. Here 
the laboratory and highway are most closely 
linked together, and divergence of practice 
makes for increased costs of construction and 
difficulty of distribution. 

The Portland Cement Association, through 
an associateship at the bureau established two 
years ago and now comprising 10 men, is 
studying those very necessary problems, what 
is Portland cement? and what happens when 
water and solutions of salt are allowed to 
react with it? Three publications have already 
been issued by this group. The bureau has 
maintained since Igro an experimental ce- 
ment plant in which a number of studies in 
connection with these problems have been 
carried out. 

Many improvements have been made in 
recent years in the design of concrete mix- 
tures, with particular reference to the grad- 
ing of the aggregate and the ratio of water to 
cement to be used. But further work must be 
@one, So far as an average cement has been 
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used in such investigational work, or an as- 
sumption has been made that the results de- 
veloped with one cement will apply to all 
others. The bureau has been applying these 
laws of concrete design and water-cement 
ratio to different cements and finds that these 
laws are not applicable to all. 

The study of the use of concrete for mine 
stoppings is of interest to you in view of 
your concern with impact testing of con- 
crete. In cooperation with the Bureau of 
Mines there has been constructed a heavily 
reinforced concrete chamber, one end of 
which can be closed with differently designed 
concrete slabs. Graded charges of black 
powder are set off in the chamber, developing 
different impacts, which are observed, as well 
as the strain developed in the slabs. The first 
series of tests is now under way. 

You have possibly noted in the engineering 
journals reference to the bureau’s cooperation 
with Engineering Foundation in the testing of 
the 60-foot high experimental concrete arch 
dam at Stevenson Creek, Calif. This, while 
possibly not of direct interest to you, is illus- 
trative of the type of work which the bureau 
does in its concrete investigations. Such co- 
operative work may be further illustrated by 
that now being carried out with the Common 
Brick Manufacturers’ Association of America, 
the Hollow Building Tile Association, and 
the National ‘erra Cotta Society in the 
studies of the uses of their materials in con- 
nection with mortars and concrete. 

The high-alumina cements and the quick- 
hardening Portland cements are being studied, 
as well as concrete made from high-alumina 
cements, both by members of the bureau staff 
and associates from industry. These types of 
material are mainly of interest in special and 
repair work. May I mention in this respect 
that the bureau issued a publication dealing 
with the high-alumina cements four years be- 
fore they were on the market. Two years 
before they were on the market it issued its 
Technologic Paper 197, giving the properties 
of cements of this type made in its own ce- 
ment plant. 

The bituminous and other laboratories of 
our chemistry division have worked on as- 
phalt, and the Federal Specifications Board 
has issued specifications covering asphalt, road 
oil, and similar materials. 

The division of simplified practice of the 
bureau is one with which a number of you 
have been in direct contact and on whose 
cornmittees I know a number of you have 
served. The first piece of work handled by 
this division and its first publication deals 
with the elimination of excess varieties of 
paving brick. As a result of the first confer- 
ence, attended by a number of highway engi- 
neers, the number of varieties of paving brick 
was reduced from 66 torz. A year later these 
Ir were reduced to 7. The second year later 
one more variety was eliminated, and two 


' years later still another variety was elimi- 
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nated. However, as a result of investigational 
work done by the Bureau of Public Roads, it 
would appear that at the next session of the 
conference it may be found desirable to re- 
place one or more varieties. Other items 
that have been considered by this division of 
interest to you would be the simplification of 
builder’s hardware, steel barrels and drums, 
steel reinforcing bars, sheet steel, concrete 
building units, and shovels, spades, and scoops. 

Several years ago the bureau developed a 
new type of strain gauge, in which the dis- 
placement is indicated by changing the pres- 
sure on a pile of carbon disks whose elec- 
trical resistance is thereby altered. This ar- 
rangement makes it possible to construct in- 
struments which will follow accurately very 
rapid changes in stress. The apparatus has 
the further advantage that readings may either 
be read from an electrical instrument or be 
recorded photographically at any convenient 
location. For example, it is entirley practi- 
cable to mount the gauges on relatively inac- 
cessible members of a bridge structure and 
place the reading or recording apparatus on 
the ground at any distance desired. These 
gauges have found use in a great variety of 
problems, including the study of live stresses 
cn bridges, both for highway and railway use 
and street railway joints. 

A set of the gauges was prepared in 1923 
for the Iowa State Highway Commission and 
has been used very successfully in an investi- 
gation carried out by the commission in co- 
operation with the Iowa State College. These 
gauges may also be used simultaneously as 
resistance thermometers, and they are being 
so used, as well as to measure strains in the 
Stevenson Creek Dam. 

Our investigations of the strength of struc- 
tural steel for bridges have yielded many valu- 
able results. Take, for example, the work on 
the columns of the Delaware River Bridge. 
Here a new type of construction was in- 
volved and there was some question as to the 
safe loads which certain members could stand 
and as to the way in which failure would take 
place. Specimens of the construction were 
tested to destruction in the 10,000,000-pound 
testing machine at the bureau. As a result of 
the work a large saving in steel was made 
possible. 

Our work in cooperation with the American 
Electric Railway Association and other na- 
tional organizations on the most durable joints 
for street-railway tracks is of importance to 
the highway engineer, because when track 
work must be done on a street-car line it 
means tearing up the roadway. Every type of 
welded joint in common use is being investi- 
gated. For a part of this work we are em- 
ploying a special impact machine. A heavy 
hammer is dropped several times a minute on 
the joint. The specimen rests on a spring- 
supported anvil, and the number of blows 
which the joint can stand is an indication of 
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the excellence of the weld. Supplementary 
tests of the material are also made. 

Turning now to the motor vehicle, one of 
the problems that concerns all of us is the 
life efficiency of tires. With a view to aiding 
in the formulation of tire speifications for the 
Government, the bureau has carried out a 
long series of tests, still under way, on the 
abrasion of tires and the relative power losses 
of various types of tires. As a result the 
Government purchases are now on a much 
more satisfactory basis than formerly. 

One of the most serious problems which 
confronts the highway engineer to-day is that 
of caring for the ever-increasing use of our 
roads by motor trucks. We are carrying loads 
that would have been unbelievable a few years 
ago at high speeds over ordinary highways. 
The wear and tear on the road are tremen- 
In this connection it is important to 
make sure that trucks are not overloaded. The 
necessity for enforcing regulations against 
overloaded trucks has created a demand for 
portable wheel-load weighers. Several such 
scales are now on the market. The bureau 
has investigated the problem and has pre- 
pared specifications governing the construc- 
tion and use of these portable weighing 
machines. 

Our automotive section has also cooperated 
with several States in working out satisfac- 
tory rules for rating motor trucks for pur- 
poses of taxation. 

Among the foremost problems of highway 
control is that of safe and adequate braking 
control of vehicles. Some years ago the bu- 
reau designed and put in service a type of 
recording accelerometer intended to record 
the performance of motor-vehicle brakes in 
operation on the road. An extended study of 
methods of conveniently and accurately meas- 
uring this quantity was made. Later a sim- 
ple and convenient indicating accelerometer 
was designed, and with these instruments the 
braking ability of several hundred typical mo- 
tor vehicles of all classes selected at random 
from trafic have been measured. Something 
like a thousand instruments are now in use 
by State and municipal authorities and others 
interested in brake performance, for the con- 
trol of brake conditions in the interest of pub- 
lic safety or for more extended study of con- 
ditions in regard to this phase of vehicle 
operation. 

Among instruments applicable to the vehicle 
is another, or rather a combination of instru- 
ments, designed to make a complete and per- 
manent record of the essential elements in the 
road performance of avehicle. This equipment 
has a group of 16 recording pens each draw- 
ing an independent record on a single roll of 
paper. These various records include ground 
speed, wind speed, wind direction, manifold 
pressure, oil, water, and rear-axle tempera- 
ture, rate of gasoline flow, acceleration, etc. 
From such a record, taken over a compara- 
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tively short course, an analysis may be made 
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of all the more important characteristics of | 


the vehicle as regards its performance on the 
road. 

The Bureau of Standards several years ago 
undertook a comprehensive study of the effect 
of motor-fuel characteristics on the over-all 
consumption of fuels in motor vehicles. The 
initial question propounded was ‘‘ What grade 


of gasoline as regards volatility will assure - 


the maximum number of car-miles per barrel 
of crude oil consumed in its production? ” 

There is, of course, a necessary mutual ad- 
justment between the characteristics of the 
average fuel and those of the average vehicle 
and such an adjustment takes place more or 
less automatically, as a result of supply and 
demand. There is much to be gained in gen- 
eral efhciency if the adjustment can be. ar- 
rived at which yields the maximum amount of 
transportation per dollar of cost. 

The definite answer found to the initial 
question stated above was that the least vola- 
tile or heaviest fuel which could be success- 
fully used gives most miles per gallon of 
crude consumed and presumably per dollar of 
cost, 

Other questions were raised, therefore, as 
to what factors place limits on the use of 
heavier and cheaper fuels. The more impor- 
tant of these are dilution of oil and difficulty 
of starting the engine. Both these problems 
have been investigated and most of the out- 
standing technical questions regarding them 
have been investigated, and most of the out- 
broad problem of mutal adaptation of fuel and 
engine are also being investigated. 

In the important field of highway safety 
the Bureau of Standards has accomplished 
several results which may be of interest. Sev- 
eral years ago there was begun an investiga- 
tion of brake-lining materials, primarily “for 
the benefit of the Government as a purchaser 
of these materials, The work thus begun led 
to cooperation with manufacturers and in 
some three years resulted in an increase of 
about 300 per cent in the useful life of the 
average brake lining. This study of materials 
led to a study of the behavior of brake lin- 
ings and of brake mechanisms in service, the 
latter resulting in the collection of data from 
which a national brake safety code has been 
drafted by a committee under the procedure 
of the American Engineering Standards Com- 
mittee. The general interest aroused during 
the preliminary work on this code and the 
development of the accelerometer mentioned 
above have led to general adoption of more 
effective means of controlling the condition of 
motor-car brakes. 

While brakes are one element in determin- 
ing what speed a vehicle may safely maintain 
under any particular condition of traffic, there 
are other factors equally important, such as 
condition of the highway surface, as well as 
trafic conditions themselves. The Bureau of 
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Standards has made a study of these factors 
and incorporated the findings into a single 
statement ‘ Safe speed is that from which a 
vehicle can always be stopped within the clear 
course ahead,” where clear course is defined 
as that portion of the highway which the 
driver can know is unobstructed and can not 
become obstructed by any person or other 
vehicle within the ordinary right-of-way rules, 
in such a way as to interfere with his 
rogress. 

It has been suggested that this general 
principle can be made the basis for more ef- 
fective legislation than now exists regarding 
vehicle speed. 

A brief study has been made of the theo- 
retical safe trafic capacity of highways as 
affected by brake ability and average speed of 
trafic. The results of some of these calcu- 
lations have been published and others are 
available for such use as may arise. 

Closely related to brake performance is that 
of the car under application of the brakes. 
The dangerous action of a vehicle sometimes 
known as pivoting under action of the brakes 
on slippery roads has long been something of 
a mechanical mystery. Some time ago an 
analysis was made of the causes of this be- 
havior by the use of models, and it was found 
that there is a simple mechanical explanation 
for the phenomenon. It was shown that, con- 
trary to previous generally accepted belief, 
when on a slippery surface the rear wheeis of 
a vehicle are locked it must necessarily re- 
verse its direction unless the tendency to do 
so is skillfully controlled by proper steering. 
Locking of the front wheels, on the contrary, 
while it prevents steering of the vehicle, does 
not have this effect, but under these condi- 
tions a vehicle will proceed straight ahead. 
A knowledge of these facts appears to be of 
utmost importance in the design and adjust- 
ment of two and four wheel brakes and it 
may, perhaps, influence other matters of high- 
way and traffic control. 


Automotive headlighting and its relation 
to highway illumination has been a subject 
of much recent discussion. While many of 
the States have fairly adequate laws for the 
licensing of headlighting equipments and for 
their proper adjustment and use, there are 
only a few localities where anything like 
satisfactory headlighting conditions exist. 
This fact raises the question whether exist- 
ing laws are adequate in themselves or 
whether the fault is in enforcement alone. 
Recently the Bureau of Standards in coop- 
eration with the Illuminating Engineering 
Society and the Society of Automotive Engi- 
neers has been making a study of the safety 
and effectiveness of different headlight il- 
lumination patterns. For this purpose two 
special adjustable headlight sets each con- 
sisting of four lamps are available for use 
on different cars. Some work has already 
been done in an attempt to determine inde- 
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pendently what type of lighting is safest for 
the driver when no other cars are approach- 
ing, and what type is safest for both when 
cars are approaching. With modern de- 
pressible lighting systems it is conceivable 
that both these conditions of maximum 
safety can be realized. To make this pos- 
sible it is necessary to know first what 
beam patterns will afford maximum safety 
under each of the above conditions, rather 


than what is the best simple compromise | 


between them. 


The bureau has been cooperating with man- 
ufacturers of headlamp and headlighting de- 
vices and with the Commissioners of Motor 
Vehicle Administrators of a number of States, 
particularly on the Pacific coast and with the 
States comprising the Eastern Conference of 
Motor Vehicle Administrators. Tests on some 
40 devices have been made for the State of 
Oregon, and numerous tests have also been 
carried out for the Director of Traffic of the 
District of Columbia. 


On this subject of headlights the bureau has 
issued a circular entitied ‘‘ Motor Vehicle 
Headlighting,” Circular No. 276, and a chart, 
‘‘Adjust Your Headlights,’’ Miscellaneous Pub- 
lication No. 68, which are widely used. 

As to signal lights, a sectional committee, 
working under the auspices of the American 
Engineering Standards Committee and spon- 
sored by the American Association of State 
Highway Officials, the National Safety Coun- 
cil, and the Bureau of Standards, has agreed 
upon specifications for the use of colors, and 
this has already resulted in pretty general 
adoption of uniform practice in the use of 


red, green, and yellow luminous signals for ‘ 


trafic control. 


A series of tests has been made on the visi- 
bility of red, yellow, green, and blue traffic 
signal glasses under daylight conditions. It 
was found that color traffic signals under day- 
light conditions with the sun shining on the 
signals are clearly distinguishable by the aver- 
age observer at a distance of 1,200 feet from 
the signal if there is behind the signal a light 
having a beam candlepower of approximately 
the following values for the four colors: Red, 
1,400; green, 2,600; yellow, 3,800; and blue, 
9.300. It was found that a 15-watt lamp in a 
4 or 5 inch parabolic reflector will be satis- 
factory to use as a source of light for such 
signal glasses and that with a lamp of that 
intensity the colors will be clearly distin- 
guishable at a distance of 1,200 feet even 
though the sun is shining directly on the 
signals. 


Experiments have been conducted on the 
visibility of the letters and figures on auto- 
mobile license plates. It is found that there 
is, of course, great difference in the in- 
tensity of illumination on rear license plates 
as produced by tail lamps ordinarily supplied 
on automobiles. There is also considerable 
difficulty due to the fact that the design of 
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the letters and figures themselves as used 
on the license plates of a number of States 
is not the best in many instances. Certain 
figures are difficult to distinguish even under 
daylight conditions. It is found, in general, 
however, that dark letters and figures on a 
light background are more readily visible 
and legible than are light-colored letters and 
figures on a dark background. In other 
words, letters and figures in black, dark 
green, or maroon on yellow, white, or buff 
backgrounds are more easily distinguished 
than white, yellow, or buff figures on black, 
green, dark blue, or dark red backgrounds. 
It would appear desirable to suggest to 
commissioners of motor vehicles in the 
various States that this fact be kept in 
mind in selecting the combinations of colors 
for the annual issue of license plates. These 
principles apply also to highway markings. 

An investigation carried out at the request 
of the Director of Traffic for the District of 
Columbia on a small number of rear signal 
lamps commonly called “stop signals’’ shows 
a rather confused state of supply for these 
devices. More work should be done in a 
study of the design of the reflectors and 
glasses used for such rear signal devices. 

In conclusion, I would like to refer again 
to the importance of the work of national or- 
ganizations engaged in promulgating stand- 


_ ards, such as the American Engineering Stand- 


ards Committee and the Federal Specifications 
Board, which last is doing so much to unify 
requirements for Government purchases. If 
the service to be rendered is the same, there 
is no reason why the requirements for road 
materials and other equipment in one State 
should differ from those in another. Uni- 
formity in purchase requirements does much 
to insure the best material at the lowest 
price. In this movement I believe the bu- 
reau has played an important part, because it 
has oftentimes assisted in determining what 
the best material really is for a given purpose. 

In what precedes I trust I have left with 
you the impression that the laboratory is 
essential to the highway as an aid in work- 
ing out many of the highly complex prob- 
lems confronting its operation and main- 
tenance. The real test, however, of the ade- 
quacy of the laboratory investigation, is 
service in or on the highway of the material, 
machine or practice recommended by the 
laboratory. If, in this paper, you find I 
have unduly emphasized the réle of the 
Bureau of Standards, you will appreciate 
that I have limited my remarks to that lab- 
oratory and those problems with which I am 
best acquainted. 


Finally, I would call your attention to the 
fact that the Bureau of Standards is cele- 
brating its twenty-fifth anniversary on De- 
cember 4, and I extend to you one and all 
a most cordial invitation to visit the bureau 
on that day and see for yourselves what we 
are doing of interest to highway engineers. 
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